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Abstract
in recent years, federal and state regulatory agencies have tlghtened alr

emission standards. Twa of the acid gases, hydrochloric acid (HCI).and su
dioxide (S0,), are under heavy scrutiny for reduction, Most tradltlonal scrubblng '

B Figure One: ical Dry Sodinm Injection Systein R

systems, i.e., wet scrubbers and spray dryers, meet the standards,_ butthey e ———_—
typically are high in capital cost, have significant space requirements for 1. A. Dry Sodium Injection Process Flow
equipment, and are difficult to maintain. Dry sodium injection (0S]) is an . ] .Bmwwws'mge Dws'mm o

afternative technology that has been shown to be effective in HGl and S0, S
removal, without the drawbacks of traditional systems. ; '

This paper covers the mechanics of dry injection scrubbing using the most
effective sorbents, sedium bicarbonate and mechanically refined trona (naturaf
sodium sesquicarbonate).

it presents DS performance data for Chambers Medical, originally located
in Hampton, SC. This facility incinerated {ocal medical and municipal solid
waste, and had begun using mechanically refined trona for HCI and SO,
removal in late 1991. The data presented for mechanically-refined trona
covers two products marketed by Solvay Chemicals: T-50% frona, which is
coarse grade {~250-300 pms) and T-200® {rona which is fine grade (~23 pms).

Dry Sodivm Injection

Dry sodium injection is a low cost altemative 10 a spray dry or wet screbbing
system for the removal of HCl and S0,. As Figure 1-A illustrates, the process
requires no sturry equipment or reactor vessel because the sorbent is stored
and injected dry info the flue duct where it reacts with the acld gas. The
spent sorbent is collected dry, either through a baghouse or electrostatic
precipitator, It also can be collected wel through an existing wet scrubber
vesset should DS be used for frim scrubbing of acid mist.

Sodium bicarbonate and sodium sesquicarbonate are the most effective surface for HCl and SO, neutralization {see Figure 1-B).
products for use in this application. Both products undergo rapid cafcination The hyproducts of the reactions are sodium chloride and
of contained sodium bicarbonate to sodium carbonate when heated sodium sulfate, respectively, and are collected with fiy ash.
at or above 275°F. The “popecorn-like” decomposition creates a large and Table 1 summarizes the chemical compositions and
reactive surface by bringing unreacted sodium carbonate to the particle reactions of both sorbents in acid gas removal.
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Table 1. Acid Gas Removal

Sodium Sorbents Reactivity

The amount of sorbent injected into the flue gas is presented on a normalized
basis and is referred to as the normalized stoichiometric ratio (NSR). The
NSR expresses the stoichiometric amount of sorbent required to react with
all of the acid gas. HCI neutralization requires one mole of sodium per one
mole of HCI present whereas S0, neutralization requires two moles of sodium
per one mole of SO, present. On a molar basis this relation is:

jum in
[ (moles of acid gas entering system)

NSR =

moles of sodium theoretically needed
to react with a mole of acid gas
Or on a mass basis:

I

{mass of sodium injected)
NSR = [ (mass of acid gas entering system) ]

[m f th ed]
to react with a unit mass of acid gas

The sorbent utilization rate {U) is the fraction of the injected sorbent that
reacts with the acid gas. It is expressed as:

U(%) = 100 x ion of Acid Gas Removal
NSR

Using Sodium Sorbents

0 Ly Na,SO,

The Central Study and Research Center (GER) of Solvay
S.A. located in Dombasle, France has a pilot micro-injection
unit for DSI testing of sorbents. In 1993, they conducted
pilot-scale tests using sodium bicarbonate and T-200 trona
(natural sodium sesquicarbonate) to compare HCI and SO,
removal rates on an NSR basis. The results are highlighted
in Figure 2 for HCI removal and Figure 3 for SO, removal.

Figure 2. CER Pilot Micro-Injection
Test/HCI Removal

HCI Removal
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Stoichiometrically, Solvay Chemicals T-200 trona should yield greater
neutralization of both acid gases than sodium bicarbonate due to the higher
percent of contained sodium carbonate. However, actual lab tests and field
applications reveal contrary performance data. Both sorbents essentially are
equal in HCI removal. In contrast, sodium bicarbonate has a removal efficiency
of up to 33% over the performance of T-200 trona when SO, removal is less
than or equal to 90%. Enhanced DS performance results with sodium
bicarbonate, especially in the case of SO,, are attributed to greater carbon
dioxide (CO,) liberation during calcination.The phenomenon is thought to further
augment surface area, thus exposing more sodium carbonate for reaction.

According to the pilot work performed by Solvay S.A.’s CER group in July
1993, sodium bicarbonate and T-200 trona achieved 90% HCI removal
at a 2.0 NSR. T-200 was further tested in three separate municipal solid
waste facilities for HCI removal. The test results showed the product
achieved greater than 95% HCI removal at a 1.0 NSR. Although sodium
bicarbonate wasn't tested, previous testing and field experience indicate
similar results would have been achieved.

Itis evident by examining Figure 3 that the utilization rate of both sorbents
declines dramatically when SO, removal surpasses 90%. This occurrence
- is well documented in field applications. It stresses the point that DSI is not
an efficient technology in medium-to-high sulfur abatement applications.

Nitrous oxide (NO,) removal ranging between 10-20% also occurs during
S0, abatement in DSI. The actual amount of NO, removed is directly related
to the amount of SO, removed. Figure 3 highlights the percent of NO,
removed in tandem with SO, in the CER tests.

“A plant’s operating conditions will ultimately affect the performance of the
sodium bicarbonate and sodium sesquicarbonate in acid gas removal, The
most important variables for high removal efficiency are injection temperature
(325-601°F), H,0 concentration (=5%), fine particle size (-20 yms), and
retention time where acid gas is in contact with the sorbent.

Solvay Chemicals T-50 trona and T-200 trona are the most cost-effective
sorbents in DS applications, even taking into consideration the enhanced
removal efficiency of sodium bicarbonate in SO, removal. These products
cost significantly less than sodium bicarbonate, especially if finer grades are
purchased as a means to eliminate on-site milling.

The following case study illustrates the ease of retrofitting DSI into an operation.

It also shows the effect operating parameters have upon the ultimate
effectiveness of the sorbent.

Percent .

Figure 3. CER Pilot Micro-Injection
Test/SO, and NO, Removal

S0, Removal
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Case Study - Chambers Medical
in 1989, Chambers Medical, originaily of Hampton, SC,
operated three incinerators that were fired with medical
and municipal sofid waste. Two 20,000-pound-per-hour
boiters were folfowed by economizers.

(May 1992y

This facility had a waste bum capacity of 200 tons per day.

Test A - Medical & MSW Typical waste composition averages were 35% medical
HCI Removal waste and 65% municipal solid waste.
Inlet

In early 1989, Chambers refrofitted the facility to add dry
sodium injection for HCI removal. The project included the
addition of a reaction chamber (serpentine duct configuration)
{o aflow a retention time of three seconds for sorbent-to-gas

- PPMdv  PPMdv
TestNo. PPMdvA  PPMdvB Avg. Qutlet % Remaoval

CM26-ROA 150 181 - 150 7.1 95.3

207 ' 283 . 245 11.5 .95.3 i un dded 1o the disch
226 Co1s . R . contact.{\hopper—to-ml um.h{vas.a ed to the discharge
95 — TondT to pulverize sorbent before injection. The facility had

. ?94":'_: = a two-field efectrostatic precipitator on site for particulate
collection. Figure 4 (see page 6) is a DS| process flow

diagram for Chambers.

Chambers started the DSI unit using sedium bicarbonate.
I achieved an average HCI removal rate of 98% or 10
PPMdv exit the stack.This rate far surpassed the state's
emission standard of 83% removal or 100 PPMdv exit the
stack. In subsequent years, Chambers’ state emission
regulation for HC tightened to 90% removal or 30 PPMdv
at the stack, whichever provided the highest removal rate.
S0, emisslons had never been regulated by the state.
However, Chambers had periodically included S0, in its HCI
compliange test fo verify the level.

in late 1991, Chambers tried Solvay Chemicals’ T-2060
trona as a means to save on sorbent cost. They found the
particie sizing of the product was too fine to handle
through the existing hopper-to-mifl unit. This situaticn fed
Chambers to temporarily use the coarser grade of mechani-
cally-refined frena product that Solvay Chemicals offers
under ke name of T-50 trona, This product has a mean
particle size range of 250-300 ums before pulverization.

Chambers performed an air emission test in May 1992, -
It used Solvay Chemicals’ T-50 trona as the sorbent, which
had a mean particle average size of 35 pms after milling.
The sorbent injection rate was 272 kilograms per hour and
the duct injection temperature was 302-316°C. Chambers
documented both HCI and SO, removal rates. The emission
tests were performed for two different waste streams;
Test A) medical & municipal solid waste; and Test B) fires
and medical waste,
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Medul} Ai'r':Em'issiqn Test Re.

aplember 1994) 1

Test G - Medical & MSW
HC! Removal

Table 2 presents the HGI and S0, removal results for the two waste streams
(Tests A and B}, Removal rates could not be expressed in terms of NSR
due to the combined removal of HCI and S0,. As an alternative, removal
rates were calculated by material bafance (gas outlet versus gas inlet rates).
The results show Chambers achigved an average HCl removal rate of 95%
or 12 PPMdv at the stack. Simuitaneously, Chambers also averaged over
71% S50, removal or around 4 PPMdv exit the stack.

In early 1993, Chambers completed the modifications to handle T-200 trona
through the hopper-to-mill system. It performed an air emission test in
September 1994. This test solely documented HC removal using unpulverized
T-200 frona at 23 pms, but the sorbent injection rate was reduced from 272
to 204 kilograms per hour, The waste stream maketp was medical and
municipal solid waste, the same ag Test A in Table 2.

Table 3 details the performance results of Solvay Chericals’ T-200 trona.
The test results indicate Chambers achieved greater than 99% in HC!
removal even though the HCI concentration was higher than in Tests Aand B
and sorbent injection was reduced by 25%. it can he assumed S0, was
present even though it was not documented. SO, removal should have been
greater than 70%. Chambers concluded the performance improvement came
from the finer particle size of the T-200 trona product. After the trial,
Chambers eliminated milling and received state approval to use the lower
T-200 trona injection rate of 204 kilograms per hour.

Summary
DSl is a simple technology that is easily added Into

an operation. Many lab, pilot and plant applications

have shown sodium bicarbonate and natural sodium
sesquicarbonate are the most effective sorbents for acid
gas removal, whether the gases are neutralized together
or independently. Solvay Chemicals markets mechanically-
refined trona under the trade names of T-50 {rona
{coarse grade) and T-200 trona {fine grade). As Chambers
demonstrated, both grades will perform adequately in DS
for acid gas removal. Solvay Chemicals' T-200 trona is the
choice product because of its fine particle size. Chambers
achieved greater than 99% HCI removal using T-200 trona.

Regardless of the product grade and the greater efficiency
of sodium bicarbenate in S0, removal, the cost effectiveness
of Solvay Chemicals’ T-50 trona and T-200 trona products
positions them as the lowest cost sorbent to companies
utifizing DSI.

www.solvaychemicals.us
Copyright 2005, Solvay Chemicals, Inc. All Rights Reserved.
Trona Use in Dry Sodium Injection  Page 5 of 8



Book
Garrett, D.E., 1992, “Natural Soda Ash/Occurrences, Processing and Use,”
University of California, Santa Barbara, CA (1992).

Reports
Ninane, L. 1993, “Solvay T-200 Use in Dry Sodium Injection for HCl Removal,”

July 1993, Central Study and Research Center, Solvay S.A., Dombasle, France.

Ninane, L.1993, “Solvay T-200 Use in Dry Sodium Injection for S0, Removal,”
February 1993, Central Study and Research Center, Solvay S.A., Dombasle,
France.

Hooper, R.G., “Full Scale Demonstration of Flue Gas Desulfurization
by the Injection of Dry Sodium Bicarbonate Upstream of an Electrostatic
Precipitator,” CRSS, Inc., Denver, CO.

Hooper, R.G., 1990, “Abatement of Acidic Emissions by Dry Sodium
Bicarbonate Injection,” 1990, NaTec Resources, Inc.

Fellow, K.T. and Pilat, M. J.,1990, “HCI Sorption by Dry NaHCO, for
Incinerator Emission Control,” June 1990, Department of Engineering,
University of Washington, Seattle, WA.

Figure 4. Chambers Medical - Dry Sodiam I

Church & Dwight Bulletin, “Deacidification of Waste
Incinerator Gases with Sodium Bicarbonate,” Church & Dwight
Company, Inc., Princeton, NJ.

Chambers Medical, 1992 and 1994, “Air Emission Test
Results/Chambers Medical,” May 1992 and September
1994, Chambers Medical, Hampton, SC.

Shah, N.D., 1983, “Determination of the Normalized
Stoichiometric Ratio,” March 1983, “Dry S02 Particulate
Removal for Coal fired Boilers,” CS-2894,Vol. 4,
Research Project 1682-2, Electric Power Research
Institute, Palo Alto, CA.

ction Process Flow

ombustion Products

Flue gas (N5

HCI, O3, SO,, NOy }
| « Fly ash

- Day Stqrage

o e

www.solvaychemicals.us
Copyright 2005, Solvay Chemicals, Inc. All Rights Reserved.
Trona Use in Dry Sodium Injection Page 6 of 8



www.solvaychemicals.us
Copyright 2005, Selvay Chemicals, Inc, Al Rights Reserved.
Trana Use in Diy Sodium [njeclion Page 7 of 8



S PTI o
N i RTINS :m
; X
aientiy petiiaed POt
‘ g, 48

%

wd !

Cnnl gas umm.x;, B )
EIN m:mhi__. ,w"

SR h
ks
noih
Hy poliy
PR
it 19!!\&_:

M{ﬁ SRt
cidar WL
IRRITR A
mm}’wmzm
T el
$(TILH ’md

s\é%xes" :
Ag, alteri
el FAN fT7s

§ hn;miu,
e 5, 41y sl

i nd
AT N

Trosu i

e, el 28 ;m‘nmznm | .
; “‘wﬂ“"*"? By 1y dr\‘d\‘\ atzadat ds
l “““h? e s, 'ﬁhmdi

oS, %zmd 1
, B3

GILER RoEE
serobbhers S
i e m,:m
,whcm,mw oo R
s bie sarbonats ey

iu% “‘;liﬁii Ay RIS 4 h\ 18 5(}‘“‘.“]} 33“\ )
ik & 13K
€‘i§ "‘.Sf!‘ 1. § liﬁii} 'H UUH Hi

sl hm‘aﬁ?‘ss%dic a\%z
e 1) ond. L
dry erpdiui

sy drY %

A5 oy
3 1 <hirio .
Swdens mu!mnwﬂb :
! stby ved Faradh mmm
1

u,hm'x\, ek
el fus 1 e
5.*-%\ N Al A

vt spbis
ﬂ*s lsuy

Q‘]aii‘-‘

ot

ey REW
o 3 corabliEnd

‘“i‘-‘ si:mm HE. paid
e ST hiﬂsmﬂ systetH

sagkoLL gtk
« x&, m\ HY'

a’ss»ﬂ

o S(leay chemicals, lnc. S
- Adm|nlstrat:on/SalesiMarketmg
'3333 Richmond Avente -

~“Houston, Tekas 77098 ©

R Telephone 71 3/525~6500

CFax 713/525-7805

o 800 SOLVAY-C (aoo 755 8292)

: Manmg Address
. PO/Box27328 . .o
3 Hou_stoﬁ;‘TeXiiS rraer |

s Customer Serwce
_- Telephone: 713/525 6888
- Fax; 713/525- 7880
1- 800 443-278.3

mfohﬁéteon df méténai féf any 'contemplated : .
|nformat|on glves typscal propertles onIy and ls not to be used i

Copynght 2005 Solvay Ghemlcals. lnc AI[ Filghts Reserved

Interox, Fluorides & Minerals




